Introduction: Semantic system plays a key role in all areas of language including understanding and expression of language. Based on a traditional view, the left hemisphere is dominant for processing of various linguistic information, including semantic information. It is believed that lesions in the left hemisphere impair the semantic component of language. In this study, we aim to study different types of semantic impairment in patients with aphasia; so that with early diagnosis of these sematic impairment we can identify patients who need treatment.
Introduction
ne of the key communication methods in human societies is speaking with its key aspect, language. Language consists of five areas of Phonology, Morphology, Syntax, Pragmatics, and Semantics. Semantics not only determines the meaning of words and sentences and their relationship to the outside world, but also studies the relationship between different elements of language. Generation and comprehension of words depend on semantic processing and as a result this subject has been researched extensively [1] . In this regard, damage to the left hemisphere may result in aphasia that can significantly affect semantic processing [2] .
Brain damage resulted from a stroke is the third most common cause of death worldwide with 794 cases in 100000 people, and it claims between 160 to 200 thousand lives each year in the developed countries [3] . Patients with brain damage suffer from memory and movement problems and may require rehabilitation to live a relatively normal life [4] . Between 30% and 40% of stroke patients develop aphasia which results in debilitating cognitive issues. This, in turn, severely affects their quality of life as well as the level of care they require [5] . Aphasia is an acquired language impairment caused by stroke that affects the person's ability to comprehend and express ideas [6] .
In stroke-caused aphasia, the brain tissue in the vicinity of sylvian aqueduct gets damaged. It harms the entire language network, causing impairment in all aspects of language abilities of the patient [7] . Aphasia affects different levels of language including semantics, which plays a central role in verbal and/or visual expression and comprehension [8] . In addition to spoken and written expression, semantics may be accessed by comprehension modalities. In fact, semantics is processed and accessed in separate regions. As a result, a stroke can damage it selectively, a theory that is the basis of the current study [9] . Based on this theory, semantics may get damaged independent of other language systems. Aphasic patients suffering from semantics impairment exhibit difficulties in performing tasks such as word comprehension (visual or verbal), gesture identification, and picture identification [10] .
Language comprehension requires syntax and semantics processing. After damage to the semantics system, any form of communication gets affected and in severe cases no communication would be possible. It is possible that neurological damage results in disruptive semantic performance, which is also the case in patients suffering from Alzheimer, Parkinson, and concussion patients [11] .
Distinguishing between syntax and semantics has led to the development of different testing systems for each system. Semantics deficit is the most common impairment in patients with temporal lobe damage [12] . Different models have been proposed for generation and comprehension of speech in both word and sentence levels. Although these models differ in many aspects, they all agree in independence of semantics and phonology [12] .
Because most aphasic patients suffer from difficulties in semantic processing leading to inability in understanding speech, the present research aims to investigate semantic processing in Farsi speaking aphasic patients in order to lay the foundation for future clinical research and rehabilitation of these patients.
Materials and Methods
The study was designed as a cross-sectional descriptive analytic. A total of 39 subjects including 13 aphasic patients suffering from left hemispheric brain damage and 26 healthy subjects were investigated. All subjects were similar in terms of age and educational background. The inclusion criteria for patients was damage in their temporoparietal lobe, caused by a stroke happened at least 6 months ago. Furthermore patients had to be fluent in Farsi (written and spoken), and able to understand the instructions of the tests. The age range of the patients was between 20 and 65 years and they were all right dominant (Table 1 and 2).
The damaged region of the brain was determined by CT scan or MRI and reported by the neurologist. Exclusion criteria were vision and hearing problems not corrected with glasses or hearing aid, presence of auditory and visual agnosia, uncooperative in the study, and a score of 0 to 2 in Mini-Cog test indicating cognitive impairment. Patients were selected from teaching rehabilitation centers. The sample size was determined based on similar studies as well as 5% acceptable error. The patients were included in the study after getting a signed informed consent. Persian WAB test was performed to ensure the presence of aphasia [13] . Furthermore, MiniCog test was performed on all subjects to ensure subjects were not suffering from cognitive impairments.
The following three tests were performed within this study; pyramids and palm trees, concrete and abstract words synonym test, Bilingual Aphasia Test (BAT). Pyramids and palm trees test is a semantic test. It assesses the ability to access semantic information about words and images in detail and is utilized for evaluation of cognitive abilities in brain damage, semantic dementia, Alzheimer disease, and aphasia.
The validity and reliability of the Farsi version of the test have been proved by Radaei and associates [14] . The picture version of the test has a sensitivity of 0.86 and specificity of 0.94, and those of the word version are 0.93 and 0.94, respectively. Reliability of this test based on Cronbach α score values are 0.96 and 0.97, respectively for the picture and word versions. This test has been adopted in the UK, Spain, France, and Italy as well [15] [16] [17] [18] . During the test, the subject is shown a stimulus, and then is asked to match it to one of the two words or pictures shown to him/her afterwards. Although there is no time limit for the original test, the time needed by each subject to complete the 52 items of the test is usually about 30 minutes. All the answers are recorded by the examiner and each correct answer is given 1, while each incorrect answer is given 0. Seyyedin and associates developed the Persian version of the concrete and abstract words synonym test [19] . Because this test has been categorized into different difficulty levels, it is sensitive to subtle semantic impairment as well.
Contrary to concrete words, abstract ones have lower image ability, make their assessment somewhat limited using image and word matching task. On the other hand, in order to assess language perception, both types of words (concrete and abstract) have to be checked because patients suffering from brain damage (such as aphasic patients) react differently to these two stimuli and usually exhibit more difficulty in abstract words compared to the concrete counterpart [20] . The pyramid and palm trees test assesses semantic memory and its Persian version has been evaluated and proven to be reliable by other researchers.
It assesses the ability to access semantic information of words and images in detail and is utilized for evaluation of cognitive abilities in brain damage, semantic dementia, Alzheimer disease, and aphasia. Radaei et al. proved the validity and reliability of the Farsi version of the test [14] . The concrete and abstract words synonym test as the name suggests has two sections. The test does not have a time limit and is conducted as a visual-auditory assessment. The test begins with an example and if the subject understands the example, then the main test begins. The target phrase is typed on top of the card with two other words, one being the synonym and the other a decoy printed on the bottom of the card.
The card is shown to the subject (visual part of the test). The instructions given by the examiner are the auditory part of the test where he/she can read the words to the subject and ask for the synonym. Again the scoring is done by either assigning 0 or 1 which are summarized once the test has been finished. The maximum score in each concrete or abstract test is equal to 30. The reliability of this test using Cronbach α values for concrete and abstract words are 0.79 and 0.96, respectively [19] . Again this test has been widely adopted in the UK, Spain, France, and Italy [15] [16] [17] [18] .
The BAT test is among tools assessing the semantic and syntax aspects of the language. This test was used as a complimentary tool to particularly evaluate language perception without the limitations of the other two methods at the single word level for both the abstract and concrete words. The test was first proposed by Paradise et al. in 1987, and the Farsi version was developed by Nilipour et al. in 1988 [21, 22] . In the present study, 6 subtests were used in the BAT including semantics, paronym and non-paronym synonyms, antonym words, meaning acceptance, and semantic antonyms. There were 40 items inclusive of all the subtests and the scoring, similar to the previous tests, was using 0 and 1. Reliability of the test has been found satisfactory and its internal consistency has been evaluated between 63% and 83% [21] .
After controlling the testing conditions, the subjects entered a well-lit and quiet room. They sat on an adjustable comfortable chair. Because of the several tests each subject had to take, avoiding tiredness, and effect of two variations (i.e. image and word version) of the pyramids and palm trees test on each other, the researcher took the tests in two separate sessions, one week apart. Test selection was completely random and during each session one of the two pyramids and palm tree tests was administered.
For ethical considerations, the patients were reassured that their information would remain confidential and were instructed on how to treat their aphasia based on their impairment. For the healthy subjects, a small reward was given to them as a sign of gratitude. It should be noted that informed consent forms were signed by aphasic patients as well as their families. During the first session, the participants' personal information was recorded, and then MiniCog Test, Edinburg handedness test, as well as the Persian BAT test were taken from all subjects. The analytic tests of the study (i.e. pyramids and palm trees, and the concrete and abstract words synonym tests) were randomly taken from the subjects during the first or the second session depending on their tiredness.
It should be noted that normal distribution of both datasets were verified using Kolmogorov-Smirnov test, and that the significance level in all the tests was chosen to be 5%. The obtained data were analyzed in SPSS V. 21. For comparison of the mean value of parametric and non-parametric data, the Student's T-distribution Test and Mann-Whitney test were used, respectively.
Results
In the present study, 39 subjects in two groups of patients with left hemispheric brain damage, and healthy subjects underwent tests of semantic processing. Subjects were selected in such a manner to eliminate the effect of age on the results of the study. As mentioned before, three tests of concrete and abstract words synonym, pyramid and palm trees, and bilingual aphasic tests were utilized to assess the semantic processing capabilities of subjects.
Since the data sets obtained by the concrete and abstract words synonym tests, and the pyramid and palm trees tests have a normal distribution, the Student's tdistribution test was used for their analyses. In the case of BAT, Mann-Whitney was used due to the non-normal distribution of the data. Based on the obtained data, the patients with left hemispheric brain damage have a significantly lower performance in the words version of the Pyramids and Palm Trees test (PPT) as well as the concrete and abstract words synonym test (compared to the healthy subjects (Table 3) .
Because of the data obtained by BAT subtests do not have a normal distribution, Mann-Whitney test was used to compare two groups. The data obtained from the aforementioned analysis is presented in Table 4 . Findings suggest that 4 out of 6 conducted subtests show significant difference between two groups. These subtests included synonyms (P<0.05), paronym antonyms (P<0.05), non-paronym antonyms (P<0.05), and meaning acceptance (P<0.05).
Discussion
The present study aimed to compare different aspects of semantic processing in patients with brain damage in the temporoparietal lobe in the left hemisphere, and assessments were based on the results of pyramids and palm trees, concrete and abstract synonym words, and bilingual aphasic tests. In the subtests of concrete and abstract synonym tests, patients suffering from the aforementioned brain damage exhibited significant semantic impairment (Figures 1 and 2) . Khatoonabadi et al. (2008) studied concrete and abstract word processing in patients with left and right hemispheric brain damage and concluded that abstract word processing takes place in the left hemisphere, whereas the right hemisphere does processing of both abstract and concrete words [23] .
This finding is in agreement with the findings of this study and confirms that right and left hemispheres differ with respect to the processing of concrete words. In another study, Seyyedin et al. compared patients with damage in the left temporal region with those who had damage in non-temporal region as well as a group of healthy subjects using concrete and abstract synonym words test. Their findings suggest that those with left temporal brain damage have greater impairment in the semantic processing of concrete and abstract words compared to the other two groups [19] .
Based on certain viewpoints, comprehension of concrete and abstract words takes place at different places of the left brain hemisphere. Based on the distributed neural activity model, processing of concrete and abstract words takes place as a result of the activity of different neural groups within this hemisphere. Study of brain scans has revealed that left temporal base is responsible for concrete word processing and abstract word processing occurs somewhere superior to this region [24] . 
Modern Rehabilitation
Fiebach and Friederici studied a word decision task under fMRI on a sample of 30 normal subjects and concluded that the lower left temporal lobe had the greatest activity in semantic processing of concrete words [25] . Binder et al. conducted a meta-analysis on 120 neural imaging studies of the semantics, and showed that 7 regions in the left hemisphere of the brain form a semantic processing network where processing of concrete and abstract words take place [26] . These results are in agreement with the findings of the current study suggesting that the left hemisphere and the temporal cortex in particular play a dominant role in concrete and abstract word processing.
Results of the pyramids and palm trees test indicate that the significant difference was in the word version of the test and despite lower performance of aphasic patients, the difference was not found to be significant (Figures 3  and 4) . As previously mentioned, the word version of the test evaluates the semantic relationships through writing, and as such the left hemisphere plays a more dominant role in this aspect of semantic processing.
Anastasia et al. used the Florida semantic tasks (which is the basis of the pyramids and palm trees test), in which 12 semantic categories are covered and reported that aphasic patients would exhibit impairment in selection categories [27] . Jodzio et al. used 6 semantic categories in their study on aphasic patients' ability in comprehension of individual words. They concluded that a certain category damage was observed in aphasic patients related to the semantic-word category [28] . Jefferies et al. studied 5 transcortical sensory aphasic patients (caused by stroke) and 5 subjects with dementia and the word and picture version of the pyramids and palm trees test was used for their analyses. All the subjects with left hemispheric brain damage exhibited lower performance in the semantic processing which these findings in the case of the picture version was not in agreement with the current study [29] . In a different study, Jefferies et al. investigated semantic damage in 8 aphasic patients using the pyramids and palm trees test and reported that semantic category was damaged in these patients [30] . Soni et al. used the picture version of pyramids and palm trees test to evaluate semantic skills in 7 aphasic patients and reported that all patients had severe damage in semantic tests [31] .
The larger sample size used in the present study improves the reliability of the obtained data, and similar to the findings of aforementioned studies, semantic processing impairment is present in patients with left hemispheric brain damage. However, no significant difference was observed in the visual semantic processing, as opposed to the other studies. Taking into consideration the role of the occipital cortex in image processing and the presence of dual routes for this type of processing, it is necessary to evaluate the effect of temporal and parietal lobe damage separately [32] .
With regard to BAT test, out of the 6 subtests, 4 exhibited significant difference and the other 2 were the same among the two study groups. The four subtests included synonyms, paronym antonyms, non-paronym antonyms, and meaning acceptance. Comprehension of synonym words, as part of the semantic processing, is carried out by the left hemisphere of the brain, and as such the synonym subtest of BAT is suitable for the study of the role of the left brain hemisphere in this function.
In the case of paronym antonyms, the current study showed that the performance of patients suffering from left hemispheric brain damage differs from the normal subjects suggesting that in this aspect of semantic processing, left hemisphere of the brain plays the dominant role. The same may be said about non-paronym antonyms as well. According to Mann-Whitney test results, scores of meaning acceptance indicate a significant difference between the two groups. A study by Duncan et al. using brain imaging has showed that semantic processing is controlled by a network in the brain which includes the frontal cortex in the left hemisphere, left parietal fissure, left temporal region, and motor cortex in the left hemisphere [33] [34] [35] .
Based on these findings, it can be hypothesised that meaning acceptance is essentially the same function as what is known as "semantic judgement." This function is part of the processing performed by the aforementioned network of meaning control based on the functional interconnections between the anterior frontal regions and the mid-temporal regions of the left hemisphere [36] . Based on certain cognitive neuroscience theories, the right hemisphere plays a more important role in holistic and summative processing [37] .
Neuroscientific findings indicate that the right hemisphere has a general role in semantic processing whereas the left hemisphere is involved in some specific and delicate processing, and as such in recalling synonyms the left temporal region is of outmost importance [30, 38] . This study aimed to investigate the semantic processing, thus all the relevant tests were considered. In this regard, BAT test is for the study of bilingual subjects, and no similar study was found for comparison purposes. However as the results of BAT also confirm the findings of the two previous tests, it may be a suitable tool for assessment of semantic impairment, too.
In this study, all the available semantic processing tests were used for the assessment of semantic impairment in the subjects. Patients suffering from left hemispheric brain damage had a lower performance in processing of concrete and abstract words suggesting that the processing of such words is carried out in the left brain hemisphere. Furthermore, Those patients show impairment in semantic relations using the word version of the pyramid and palm trees test, which also suggests that semantic relations of written nature is accessed by the left hemisphere of the brain. These finding were also reaffirmed by the results of the BAT test suggesting that the processing of antonym and meaning acceptance is also processed by the left hemisphere of the brain.
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